Introduction
Biomass burning is a widespread agricultural practice for land clearing used in most tropical farmlands in South America (SA) and Central and Southern Africa (CA). It is by far the main source of anthropogenic aerosols in the Southern Hemisphere (SH). In addition to the well known climate implications of biomass burning (Hobbs et al., 1997; Malhi et al., 2008) it also has a direct effect on air quality through the emission of large amounts of particulate matter and chemical byproducts such as CO 2 , N 2 O, CH 4 , ozone precursors such as CO, NO, NO 2 , and other substances (Jacob et al., 1996) . A close examination of the connection between fire variability and climate controls in the tropics is given by van der Werf et al. (2007) . For detailed discussion on the role of biomass burning in the deforestation process of the Amazon and other tropical and sub-tropical areas the reader is referred to recently published articles on the subject (Laurance, 2007; Malhi, et al., 2008; Schroeder et al., 2009) .
The bulk of biomass burning activities in SA are carried out in a geographical region between 10 • S and 30 • S most of which is in Brazil, but also includes Eastern Bolivia, Northwest Paraguay and Northern Argentina. Although biomass burning also takes place in Equatorial Brazil during SH summer, most of the SA biomass burning occurs south of 10 • S during the August-October period with peak activity in September. The CA burning season starts in June at about 10 • S and slowly progresses southward. Unlike in SA, peak biomass burning activity is reached generally in August but the season extends through November. Although it has been shown that in some cases biomass burning aerosols remain in the boundary layer over land (Labonne et al., 2007) , it is clear that in Central Africa and South America, convective activity associated with the intensive heating produced by the fires triggers the vertical transport of smoke to altitudes between 2 and 6 km into the free troposphere forming a dense carbonaceous aerosol layer that covers most of the source regions and beyond as the smoke is efficiently transported by the prevailing winds thousands of kilometers away from the source regions into the South Atlantic Ocean as well as the South Indian Ocean forming the so-called rivers of smoke (Freitas et al., 2006) .
The intensity and seasonality of the biomass burning activity have been documented by means of satellite observations of the effect on the ground (fire counts) as well as the atmospheric effects by means of the qualitative Aerosol Index from near-UV observations and estimates of the actual aerosol load in terms of optical depth from MODIS (MODerate Resolution Imaging Spectro-radiometer) and OMI (Ozone Monitoring Instrument) observations. SA biomass burning shows a great deal of inter-annual variability as shown by the long-term TOMS (Total Ozone Mapping Spectrometer) Aerosol Index record for the period 1979-1993 (Gleason et al., 1998) . Koren et al. (2007 Koren et al. ( , 2009 ) examined the inter-annual variability of biomass burning in the Amazon basin using MODIS aerosol optical depth data and fire counts observations from the NOAA-12 Advanced Very High Resolution Radiometer (AVHRR) in the period 2000-2006. They reported a generally increasing trend up to about 2005 followed by a sudden drop in 2006. It was argued that the observed 2006 decline was associated with the implementation of a tri-national biomass burning preventing policy involving the governments of Brazil, Bolivia, and Peru. Schroeder et al. (2009) questioned the validity of the Koren et al. (2007) analysis pointing to potential problems with the AVHRR fire counts data. Biomass burning inter-annual variability has also been documented in terms of satellite measurements of atmospheric column CO (Gloudemans et al., 2009) .
In this paper we examine satellite data for the period 2000-2009 from different platforms and sensors to analyze the anomalous 2008 and 2009 SH biomass burning seasons that exhibited significant reduction in fire activity and atmospheric aerosol load in SA in relation to the historical record. The effect of the reduced 2008 fire activity in South America on tropospheric ozone production is analyzed by Ziemke et al., (2009) . 
Observations
In this work we use observations over the period 2000-2009 from sensors on three different satellites. We analyze the spatial and temporal variability of the SH smoke plume using OMI observations in terms of the UV Aerosol Index (UVAI) and the retrieved 388 nm Aerosol Absorption Optical Depth, AAOD (Torres et al., 2007) . Although we rely on the OMI AAOD to uniquely identify the absorbing carbonaceous aerosols resulting from the biomass burning activity without the interference of aerosols from other sources, we also make use of the MODIS aerosol optical depth (AOD) product (Levy et al., 2007) as additional corroboration of the satellite detected aerosols. The fire-counts data set derived from Aqua-MODIS observations (Giglio et al., 2006 ) is used to monitor the actual fire activity in terms of number of fires per unit area. The third satellite data set used in this analysis is precipitation data as reported by the Tropical Rainfall Measuring Mission (TRMM, Kummerow et al., 2000) . In addition to the satellite data we also make use of NCEP (National Centers for Environmental Prediction) reanalysis data (Kalnay et al., 1996) to examine the possible role of the variability of the wind fields on the observed transport patterns.
An analysis of OMI observations indicates that the 2008 and 2009 SH biomass burning seasons were particularly different than in previous years. than in any previous years indicating either a more intense than usual African biomass burning or a more efficient transport, or both. The other relevant feature is the spatial extent of the SA smoke layer that in 2008 and 2009 is significantly smaller than what was observed in any of the three previous years of the OMI and MODIS records. This is illustrated on the September average maps of OMI derived aerosol absorption optical depth in Fig. 2 .
It is well established that the UVAI is strongly correlated to the atmospheric aerosol load of UV-absorbing aerosols (Hsu et al., 1999) . Table 1 and related discussion). Duncan et al., (2003) have previously documented the pronounced difference in the inter-annual variability of biomass burning between the SA and CA regions. The clear contrast between the inter-annual variability of these regions suggests that the combination of natural and anthropogenic factors operates in different ways in these two geographical areas. In this paper we examine the possible causes of the observed 2008-2009 South American biomass burning season in an effort not only to understand the driving factors of the fire activity in these specific years but also to shed light on the possible reasons of the long-term variability of biomass burning in SA that is characterized by the occurrence of years of minimum activity in contrast to the regularity of the biomass burning activities in Central Africa.
Data analysis
Monthly average values of OMI AAOD and fire counts derived from satellite observations at a 1 • ×1 • resolution were calculated over the SA and CA regions shown in Fig. 1 for the 2005-2009 five year period. We also use TRMM derived data on precipitation amounts at a 5 • ×5 • resolution for the 2000-2009 period. The availability of the MODIS AOD record over the same period as the precipitation observations was instrumental in the analysis presented in this section, where a brief description of the observed multi-year record of these parameters is presented. In Central Africa, peak monthly AAOD values between 0.08 and 0.12 take place in August. The 2008 data shows a onemonth lag in the month of peak AAOD in both regions with peaks in September and October for CA and SA respectively a month later than in the previous three years. In addition, the clearly defined SA September peak in the previous three years is absent in 2008 when August and September show similar average AAOD values. The observed inter-annual 
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Precipitation analysis
To gain an understanding of the influence of the regional meteorology on the fire activity we examine the ten-year record (2000-2009) of precipitation over the regions of the study using TRMM data as shown on the top panel of Fig. 5 .The decadal precipitation record is used to produce a climatological annual cycle to be used in the calculation of a rainfall anomaly data set. As expected the annual cycle for the two regions shows many similarities. The dry season in Central Africa is much longer than the one in South America. This explains the longer CA biomass burning season that starts about two months earlier and lasts almost twice as long as the three-month long SA burning season. To highlight the annual variability we have also plotted in the bottom panel of An anomalous increase in precipitation in the months previous to the onset of or during the burning season in SA could have produced a higher level of fuel moisture and, therefore, a reduction in the overall spatial coverage of fire ignition and intensity could be expected (Uhl et al., 1988) . In addition, increased wet deposition resulting from enhanced precipitation would shorten the lifetime of the atmospheric aerosol load and its downwind transport (Freitas et al., 2005) . By the same token, intensification of the fire activity and increased aerosol load could also be expected if unusually dry conditions had prevailed. A close examination of the observed rainfall anomalies during the May-October period (which includes three months previous to burning season plus the actual months when the burning takes place) reveals the expected precipitation-fire activity relationship that explains some of the observed inter-annual variability in South America. Table 1 lists the satellite measured ten-year record of 6-month precipitation anomaly (column 2) and the monthly and spatially averaged MODIS aerosol optical depth for the month of peak aerosol load (column 3) for the SA region. The same quantities for the CA region are shown in column 4 and 5. Larger anomalies and a higher annual variability take place in the SA region. Year 2009 shows the largest positive anomaly in both the SA and CA regions over the last ten years, although the SA region value is about three times as large as in CA. On the other hand, year 2007 is by far the driest in SA while 2005 shows the largest precipitation decrease in CA. A rainfall deficit of 30 mm (−9%) was registered in anomaly of similar magnitude associated with measurements of large aerosol concentration was observed on both the SA and CA regions. A similar situation (i.e., high precipitation deficit in both areas) takes place in 2008 but this time the aerosol load in SA is significantly reduced whereas the CA spatially averaged aerosol load is the largest in the MODIS record. The wettest of the ten-year period in SA is 2009 with an excess 6-month precipitation of 110 mm (34%), and, as expected, the lowest recorded levels of both fire activity and aerosol load.
Except for year 2008, the observed variability in biomass burning in SA (in terms of both fire activity and aerosol load) in the 2000-2009 period is well correlated with the observed variability in precipitation as depicted in Fig. 6 . The scatter plot in Fig. 6 illustrates the observed relationship between the spatially averaged MODIS aerosol optical depth over the SA region on the month of peak aerosol concentration (generally 
Transport
Satellite observations show that westward transport of carbonaceous aerosols from the sources in Central Africa and across the Atlantic Ocean was particularly efficient in September during the 2008 biomass burning season. Such efficient transport requires abundant particulate matter production at the source areas as well as free troposphere wind speeds high enough to achieve the mobilization of the carbonaceous aerosol layer across large distances over time scales shorter than those of gravitational settling and other removal mechanisms. The September monthly average horizontal extent of the smoke layer over the ocean has been quantified as the fractional area of Southern Atlantic Ocean in the box (see Fig. 1 ) where the September average UVAI is larger than unity. Table 2 lists the calculated September averages of oceanic extent of the smoke layer; the 700 hPa wind speeds from NCEP re-analysis; the regional average UVAI value in Central Africa over the source areas; and the monthly average 380nm aerosol optical depth reported at the Mongu AERONET site (Eck et al., 2001) for the [2005] [2006] [2007] [2008] period. The tabulated data show a clear correlative connection between the oceanic coverage of the aerosol layer, the wind speed and the aerosol production at the source areas. The connection is particularly robust and positive during the last three years. The increasing wind speed as a function of time given by the NCEP reanalysis is somewhat surprising but consistent with previously reported analysis (Pielke et al., 2001) . The combined TOMS-OMI long-term UVAI record and MODIS decadal observations of carbonaceous aerosol production in Central Africa and South America highlights the essentially different economical and political nature of the processes that regulate biomass burning activity in the two regions. In Central Africa biomass burning is a longestablished agricultural practice for the disposal of agricultural residues. In South America, on the other hand, biomass burning is used for both the disposal of agricultural waste as well as a way of incorporating new land to economic activities. The analysis presented here strongly suggests that factors other than the natural role of precipitation influenced the 2008 biomass burning season in SA when very low fire activity was observed in spite of experiencing the second most intense precipitation deficit in a decade. Although as discussed by Koren et al. (2007 Koren et al. ( , 2009 ) government environmental initiatives in South America have begun to be implemented recently, we do not have concrete evidence to support the hypothesis that specific regulations and/or economic forces in place in Brazil were responsible for the anomalously low 2008 biomass burning season. Official Brazilian government figures available on the environmental website http://www.mongabay.com indicate that the rate of deforestation in Brazil went up by 11% in 2008. This increase represents a change in a decreasing trend since 2005. No correlation between deforestation rate and biomass burning activity is observed because land clearing by fire is just one of several deforestation mechanisms that include logging and public works for economic development. Without any way of actually showing a clear cause-effect relationship to link the resulting low levels of fire activity to regulatory or economic forces, we can only speculate on plausible causes such as enforcement of existing regulations on land use, drop in the international price of cash crops that may not stimulate continued cultivation, or changes in the ways of disposing of agricultural residues in light of the need of preserving any harvested wood resulting from logging activities. In light of the overwhelming effect of precipitation in 2007 and 2009 on the magnitude of the measured fire counts and aerosol optical depth, it is difficult to draw any clear conclusion on the temporal evolution of the anthropogenic component associated with the use of fire for land clearing in South America. Although the 2008 season indicates a precipitation unrelated drop in biomass burning activity, continued monitoring and detailed analysis of additional deforestation-related parameters are needed.
The combined effect of large aerosol amounts generated during the African biomass burning season and high free troposphere wind speeds led to the formation of a synoptic scale aerosol layer that blanketed the Southern Atlantic Ocean between 10 • S and 25 • S. An interesting finding out of this study is the observed variability in free troposphere wind speeds in the region of this study. The NCEP data shown in Table 2 show a steady wind speed increase over the last four years. Given the short length of the data record in the analysis it is not clear if an actual trend is present or the observed tendency is just a manifestation of the variability of the system. A more detailed analysis of this effect and its possible long-term effect on aerosol transport is certainly warranted but it is beyond the scope of this study.
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